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BIOLOGICALLY CONTROLLED VEHICLE
AND METHOD OF CONTROLLING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of Korean Patent Appli-
cation No. 10-2013-0153584, filed on Dec. 11, 2013 in the
Korean Intellectual Property Office, the disclosure of which is
incorporated herein by reference.

BACKGROUND

1. Field

The present invention relates to a vehicle controlled by
biological signals of a driver and a method of controlling the
same.

2. Description of the Related Art

Recently, various systems for assisting with safe driving of
vehicles are under development. Examples of an assisting
system for preventing lane departure of the vehicle include a
lane keeping assist system (LKAS) and a lane departure
warning system (LDWS). Meanwhile, a driver’s ability to
control a vehicle may be affected by the driver’s stress index.
When the driver’s stress index is substantially high, the ability
to control the vehicle may decrease. Therefore, the develop-
ment of technology that reflects the driver’s stress index is
necessary for assisting with driving of a vehicle.

SUMMARY

The present invention provides a vehicle that performs a
lane departure warning or lane keeping assistance by reflect-
ing a driver’s stress index to more effectively guarantee safe
driving, and a method of controlling the same.

According to an aspect of the present invention, a biologi-
cally controlled vehicle is provided. The vehicle may include
a biological signal detecting unit configured to detect a bio-
logical signal of a driver, a lane detecting unit configured to
detect a lane within which a vehicle is running, and a control-
ler configured to calculate a stress index of the driver based on
the detected biological signal of the driver, determine a lane
access degree of the vehicle based on the detected lane, and
execute a warning output to the driver based on the calculated
stress index and the determined lane access degree of the
vehicle.

The lane access degree of the vehicle may include infor-
mation regarding a distance between the vehicle and the lane.
The controller may be configured to compare the distance
between the vehicle and the lane with at least one reference
value that corresponds to the calculated stress index, and
execute a warning output to the driver when the distance
between the vehicle and the lane is equal to or less than the at
least one reference value. The at least one reference value may
increase as the stress index corresponding thereto increases.

The vehicle may further include a sound output unit con-
figured to output a sound, and a steering wheel manipulated
by the driver to adjust steering of the vehicle. The at least one
reference value may include a first reference value and a
second reference value that is greater than the first reference
value, and the controller may be configured to operate the
sound output unit to output a warning sound when the dis-
tance between the vehicle and the lane is equal to or less than
the second reference value and is greater than the first refer-
ence value. The controller may further be configured to oper-
ate the sound output unit to output a warning sound and
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vibrate the steering wheel when the distance between the
vehicle and the lane is equal to or less than the first reference
value. The biological signal detecting unit may include an
electrocardiogram (ECG) sensor, and the ECG sensor may be
installed within a steering wheel of the vehicle. The lane
detecting unit may include at least one of an image sensor and
an infrared sensor.

The controller may be configured to adjust steering of the
vehicle based on the calculated stress index and the deter-
mined lane access degree of the vehicle. Additionally, the
controller may be configured to compare the distance
between the vehicle and the lane with at least one reference
value that corresponds to the calculated stress index, and
output a warning to the driver or adjust steering of the vehicle
when the distance between the vehicle and the lane is equal to
or less than the at least one reference value.

The at least one reference value may include a first refer-
ence value and a second reference value that is greater than
the first reference value, and the controller may be configured
to adjust steering of the vehicle when the distance between the
vehicle and the lane is equal to or less than the first reference
value, and output a warning to the driver when the distance
between the vehicle and the lane is equal to or greater than the
first reference value and equal to or less than the second
reference value.

The vehicle may further include a motor driven power
steering (MDPS) motor configured to supply power to a steer-
ing wheel of the vehicle. The controller may be configured to
transmit a control signal to the MDPS motor and adjust steer-
ing of the vehicle.

According to another aspect of the present invention, a
method of controlling a biologically controlled vehicle is
provided. The method may include detecting a biological
signal of a driver, detecting a lane within which a vehicle is
running, calculating a stress index of the driver based on the
detected biological signal of the driver, determining a lane
access degree of the vehicle based on the detected lane, and
executing a warning output to the driver based on the calcu-
lated stress index and the determined lane access degree of the
vehicle.

The biological signal of the driver may include an electro-
cardiogram (ECG) signal, and the calculating of the stress
index of the driver may include obtaining heart rate variability
based on the ECG signal of the driver, and calculating the
stress index of the driver based on the obtained heart rate
variability. The lane access degree of the vehicle may include
information regarding a distance between the vehicle and the
lane. The execution of the warning output to the driver may
include comparing a distance between the vehicle and the
lane with at least one reference value that corresponds to the
calculated stress index, and outputting a warning to the driver
when the distance between the vehicle and the lane is equal to
or less than the at least one reference value. The at least one
reference value may increase as the stress index correspond-
ing thereto increases.

The method may further include adjusting steering of the
vehicle based on the calculated stress index and the deter-
mined lane access degree of the vehicle. The execution of the
warning output to the driver may include comparing the dis-
tance between the vehicle and the lane with a second refer-
ence value that corresponds to the calculated stress index, and
outputting a warning to the driver when the distance between
the vehicle and the lane is equal to or less than the second
reference value. The adjustment of the steering of the vehicle
may include comparing a distance between the vehicle and
the lane with a first reference value that corresponds to the
calculated stress index and is less than the second reference
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value, and adjusting steering of the vehicle when the distance
between the vehicle and the lane is equal to or less than the
first reference value.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects of the invention will become
apparent and more readily appreciated from the following
description of the exemplary embodiments, taken in conjunc-
tion with the accompanying drawings of which:

FIG. 1 is an exemplary diagram illustrating an exterior
appearance of a vehicle according to an exemplary embodi-
ment of the present invention;

FIG. 2 is an exemplary control block diagram ofthe vehicle
according to the exemplary embodiment of the present inven-
tion;

FIG. 3 is an exemplary diagram illustrating an exemplary
biological signal detecting unit according to an exemplary
embodiment of the present invention;

FIG. 4 is an exemplary control block diagram illustrating a
configuration of the vehicle according to the exemplary
embodiment of the present invention;

FIG. 5 is an exemplary diagram illustrating a relation
between stress and heart rate variability according to an
exemplary embodiment of the present invention;

FIG. 6 is an exemplary graph illustrating an R-wave to
R-wave interval (RRI) of an electrocardiogram (ECG) signal
according to an exemplary embodiment of the present inven-
tion;

FIG. 7 is an exemplary diagram schematically illustrating
a process of a stress index calculating unit that calculates a
stress index according to an exemplary embodiment of the
present invention;

FIG. 8 is an exemplary table showing an exemplary mean
and standard deviation of each analysis indicator obtained
through an experiment according to an exemplary embodi-
ment of the present invention;

FIG. 9 is an exemplary table in which a stress index is
divided into stages based on its value and a human body state
indicated by each stage is represented according to an exem-
plary embodiment of the present invention;

FIG. 10 is an exemplary diagram illustrating an internal
configuration of a front seat side of the vehicle according to an
exemplary embodiment of the present invention;

FIGS. 11 to 13 are exemplary diagrams illustrating
examples of visually outputting information regarding a
stress index of a driver according to an exemplary embodi-
ment of the present invention;

FIG. 14 is an exemplary diagram illustrating a lane access
degree of the vehicle according to an exemplary embodiment
of the present invention;

FIG. 15 is an exemplary diagram illustrating exemplary
warning output control logic according to stress stages and a
lane access distance according to an exemplary embodiment
of the present invention;

FIG. 16 is an exemplary block diagram of vehicle control
by which steering is automatically controlled in the vehicle
according to the exemplary embodiment of the present inven-
tion;

FIG. 17 is an exemplary flowchart describing a method of
controlling a vehicle according to an exemplary embodiment
of the present invention;

FIG. 18 is an exemplary flowchart describing a process of
controlling a warning output in the method of controlling a
vehicle according to the exemplary embodiment of the
present invention; and
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4

FIG. 19 is an exemplary flowchart describing a method of
automatically controlling vehicle steering in the method of
controlling a vehicle according to the exemplary embodiment
of the present invention.

DETAILED DESCRIPTION

It is understood that the term “vehicle” or “vehicular” or
other similar term as used herein is inclusive of motor
vehicles in general such as passenger automobiles including
sports utility vehicles (SUV), buses, trucks, various commer-
cial vehicles, watercraft including a variety of boats and
ships, aircraft, and the like, and includes hybrid vehicles,
electric vehicles, combustion, plug-in hybrid electric
vehicles, hydrogen-powered vehicles and other alternative
fuel vehicles (e.g. fuels derived from resources other than
petroleum).

Although exemplary embodiment is described as using a
plurality of units to perform the exemplary process, it is
understood that the exemplary processes may also be per-
formed by one or plurality of modules. Additionally, it is
understood that the term controller/control unit refers to a
hardware device that includes a memory and a processor. The
memory is configured to store the modules and the processor
is specifically configured to execute said modules to perform
one or more processes which are described further below.

Furthermore, control logic of the present invention may be
embodied as non-transitory computer readable media on a
computer readable medium containing executable program
instructions executed by a processor, controller/control unit
or the like. Examples of the computer readable mediums
include, but are not limited to, ROM, RAM, compact disc
(CD)-ROMs, magnetic tapes, floppy disks, flash drives, smart
cards and optical data storage devices. The computer readable
recording medium can also be distributed in network coupled
computer systems so that the computer readable media is
stored and executed in a distributed fashion, e.g., by a telemat-
ics server or a Controller Area Network (CAN).

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the invention. As used herein, the singular forms
“a”, “an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be
further understood that the terms “comprises” and/or “com-
prising,” when used in this specification, specify the presence
of stated features, integers, steps, operations, elements, and/
or components, but do not preclude the presence or addition
of one or more other features, integers, steps, operations,
elements, components, and/or groups thereof. As used herein,
the term “and/or” includes any and all combinations of one or
more of the associated listed items.

Unless specifically stated or obvious from context, as used
herein, the term “about” is understood as within a range of
normal tolerance in the art, for example within 2 standard
deviations of the mean. “About” can be understood as within
10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.5%, 0.1%,
0.05%, or 0.01% of the stated value. Unless otherwise clear
from the context, all numerical values provided herein are
modified by the term “about.”

Hereinafter, a vehicle and a method of controlling the same
according to embodiments of the present invention will be
described in detail with reference to the accompanying draw-
ings.

FIG. 1 is an exemplary diagram illustrating an exterior
appearance of a vehicle according to an exemplary embodi-
ment of the present invention. As illustrated in FIG. 1, a
vehicle 100 may include a main body 1 forming an appear-
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ance of the vehicle 100, a plurality of wheels 51 and 52
configured to move the vehicle 100, a driving unit 60 config-
ured to rotate the wheels 51 and 52, a plurality of doors 71 and
72 (refer to FIG. 3) configured to shield an inside of the
vehicle 100 from the exterior, a front glass 30 configured to
provide a field of view in front of the vehicle 100 to a driver
within the vehicle 100, and a plurality of side mirrors 81 and
82 configured to provide a field of view behind the vehicle
100 to the driver.

The wheels 51 and 52 may include front wheels 51 dis-
posed at a front of the vehicle and rear wheels 52 disposed at
arear of the vehicle. The driving unit 60 may be configured to
provide rotary power to the front wheels 51 or the rear wheels
52 to move the main body 1 forward or backward. The driving
unit 60 may include an engine configured to combust fossil
fuels and generate rotary power or a motor configured to
receive power from or a condenser (not illustrated) and gen-
erate rotary power. The doors 71 and 72 may be pivotally
disposed on left and right sides of the main body 1. When the
doors are opened, the driver may enter the vehicle 100, and
when the doors are closed, the doors may be configured to
shield the inside of the vehicle 100 from the exterior.

The front glass 30 may be disposed in the upper front of the
main body 1 and may enable the driver in the vehicle 100 to
obtain visual information from in front of the vehicle 100, and
is also called a windshield glass. In addition, the side mirrors
81 and 82 may include a left side mirror 81 disposed on the
left side of the main body 1 and a right side mirror 82 disposed
on the right side thereof. The mirrors 81 and 82 allow the
driver in the vehicle 100 to obtain visual information from
beside and behind the vehicle 100.

The vehicle 100 may further include a detecting device
such as a proximity sensor configured to detect obstacles at
the side or rear of the vehicle or may be configured to detect
another vehicle, and a rain sensor configured to detect rainfall
and precipitation. The proximity sensor may be configured to
transmit a detection signal to a side or arear of the vehicle and
receive a reflection signal reflected from an obstacle such as
another vehicle. The obstacle in a side or a rear of the vehicle
100 may be detected and a location of the obstacle may be
detected based on a waveform of the received reflection sig-
nal. As an example of such a proximity sensor, a method in
which an ultrasound is transmitted and a distance to the
obstacle may be detected using an ultrasound reflected from
the obstacle may be used.

FIG. 2 is an exemplary control block diagram ofthe vehicle
according to the exemplary embodiment of the present inven-
tion. FIG. 3 is an exemplary diagram illustrating an exem-
plary biological signal detecting unit. As illustrated in FIG. 2,
the vehicle 100 may include a biological signal detecting unit
110 configured to detect a biological signal of a driver, a lane
detecting unit 120 configured to detect a lane within which a
vehicle is running, a controller 130 configured to execute a
warning output to the driver based on the driver’s biological
signal and a lane access degree of the vehicle, a sound output
unit 141 configured to audibly output a warning to the driver,
a display unit 142 configured to visually output a warning to
the driver, and a steering wheel 143 configured to tactilely
output a warning to the driver. The controller 130 may be
configured to execute the biological signal detecting unit 110,
the lane detecting unit 120, the sound output unit 141, the
display unit 142, and the steering wheel 143 output.

The biological signal detected by the biological signal
detecting unit 110 may be used by the controller 130 to
calculate a stress index of the driver. Biological indicators
used to calculate the stress index of the driver may include a
heart rate (HR) or heart rate variability (HRV). The biological
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signal necessary for obtaining the heart rate or the heart rate
variability may include an electrocardiogram (ECG) signal.
Therefore, the biological signal detecting unit 110 may be
implemented by an ECG sensor configured to detect the driv-
er’s ECG signal. To detect the driver’s ECG signal, the bio-
logical signal detecting unit 110 comes in contact with a part
of'the driver’s body (e.g., touches the driver’s body or moves
toward to driver’s body). For example, the biological signal
detecting unit 110 may be installed in the steering wheel 143
as illustrated in FIG. 3.

The biological signal detecting unit 110 configured to
detect the driver’s ECG signal may include a left electrode
110L and a right electrode 110R as illustrated in FIG. 3. The
left electrode 1101, and the right electrode 110R may be
installed in left and right sides of the steering wheel 143,
respectively. When the driver grasps the steering wheel 143 to
drive the vehicle, a left hand of the driver may come in contact
with the left electrode 110L and a right hand may come in
contact with the right electrode 110R. When the driver’s left
hand and right hand come in contact with (e.g., touch, apply
pressure to, etc.) the left electrode 110L and the right elec-
trode 110R, respectively, a current flowing through the driv-
er’s body may be input to the biological signal detecting unit
110 through the driver’s hands and the ECG signal may be
obtained.

Referring again to FIG. 2, to detect a lane within which the
vehicle 100 is running, the lane detecting unit 120 may be
implemented by at least one of an image sensor and an infra-
red sensor. When the lane detecting unit 120 is implemented
by the image sensor, it may be installed at a position in which
a front image of the vehicle 100 may be captured. When the
lane detecting unit 120 is implemented by the infrared sensor,
it may be installed at a bottom of the vehicle 100 such that
infrared rays may be radiated onto the ground including the
lane and infrared rays reflected from the ground may be
received.

When the lane detecting unit 120 is implemented by the
image sensor, the lane detecting unit 120 may be configured
to capture a front image of the vehicle and transmit the image
to the controller 130. The controller 130 may then be config-
ured to recognize the lane in the front image of the vehicle
using an image processing method such as edge detection and
calculate the lane access degree of the vehicle 100. Alterna-
tively, when the lane detecting unit 120 is implemented by the
infrared sensor, an output signal of the lane detecting unit 120
may be transmitted to the controller 130. The controller 130
may then be configured to recognize the lane from the output
signal of the lane detecting unit 120 based on a difference of
an infrared reflection amount between a white or yellow
(orange) lane and the ground. However, the image sensor and
the infrared sensor are merely examples for implementing the
lane detecting unit 120. Types of the lane detecting unit 120
applied to the exemplary embodiment of the present invention
are not limited.

The lane access degree may include information regarding
a distance between the lane and the vehicle 100. Specifically,
the lane access degree may be determined by a ratio of a width
of the lane and the distance between the lane and the vehicle
100. In addition, the controller 130 may be configured to
calculate the driver’s stress index based on the driver’s bio-
logical signal output from the biological signal detecting unit
110 and execute a warning output to the driver based on the
driver’s stress index, and an access degree of the vehicle 100
to the lane. Details thereof will be described below. The
controller 130 may include a processor such as a micro con-
trol unit (MCU) and an electronic control unit (ECU). Two or
more MCUs or ECUs may also be included as necessary.
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FIG. 4 is an exemplary control block diagram illustrating a
configuration of the vehicle according to the exemplary
embodiment of the present invention. As illustrated in FI1G. 4,
the controller 130 may include a stress index calculating unit
131 configured to calculate a stress index based on the driv-
er’s biological signal and a warning controller 132 configured
to execute a warning output to the driver based on the lane
access degree of the vehicle and the stress index. Hereinafter,
operations of the stress index calculating unit 131 will be
described in detail with reference to FIGS. 5 to 9.

FIG. 5 is an exemplary diagram illustrating a relation
between stress and heart rate variability. When stressors
affect a human body, a biological change for coping with the
stressors occurs to maintain a biological balance. Represen-
tative methods of measuring stress may include measuring
stress hormones in blood, measuring heart rate variability,
and the like. As illustrated in FIG. 5, when the human body is
affected by stress, sympathetic nerves are activated, and when
the human body is in a stable state, parasympathetic nerves
are activated. The sympathetic nerves and the parasympa-
thetic nerves function in opposition to each other to maintain
the biological balance, that is, regulate physiological func-
tions in an antagonistic manner.

As arepresentative function thereof, when the sympathetic
nerves are activated, the heart rate increases, and when the
parasympathetic nerves are activated, the heart rate
decreases. Therefore, when the heart rate is analyzed, it may
be possible to determine how much the human body is
affected by stress. As illustrated in FIG. 5, analysis of the
heart rate refers to calculating an R-wave to R-wave interval
(RRI). Hereinafter, the meaning of the RRI will be described.
As described above, the biological signal detecting unit 110
may be configured to detect the driver’s ECG signal. The
stress index calculating unit 131 may be configured to calcu-
late the stress index by obtaining information regarding the
heart rate variability from the detected ECG signal of the
driver.

FIG. 6 is an exemplary graph illustrating the RRI of the
ECG signal. As illustrated in FIG. 6, the ECG signal may
include a P wave, a Q wave, an S wave, a T wave, and an R
wave. The P wave may be caused by a current generated when
depolarization is performed before the atria contract. The
QRS complex wave may be caused by a current generated
when the ventricles are depolarized. The T wave may be
caused by a current generated when the ventricles are repo-
larized. As illustrated in FIG. 6, as an indicator representing
the heart rate variability, the RRI of the ECG signal may be
used. The RRI may be converted into a heart rate per minute
and may be successively represented, which is called the heart
rate variability. When the heart rate increases, the RRI
decreases, which serves as an indicator that represents a
degree of tension or stress. In other words, when the RRI is
substantially small (e.g., below a predetermined value), a
human body under stress may be determined.

FIG. 7 is an exemplary diagram schematically illustrating
aprocess of a stress index calculating unit calculating a stress
index. FIG. 8 is an exemplary table showing an exemplary
mean and standard deviation of each analysis indicator
obtained through an experiment. As illustrated in FIG. 7, the
stress index calculating unit 131 may be configured to detect
the RRI based on the ECG signal transmitted from the bio-
logical signal detecting unit 110 and analyze the RRI. A
method of analyzing the RRI may include a time domain
analysis method and a frequency domain analysis method.

The time domain analysis method may be a method in
which time series data of chronologically listed RRIs may be
analyzed from the beginning to the end. The stress index

5

10

15

20

25

30

35

40

45

50

55

60

8

calculating unit 131 may be configured to calculate a standard
deviation of an N-N interval (SDNN) of normal N-N intervals
at specific time intervals and a heart rate variability index
(HRV-index) according to the time domain analysis method.
In particular, the N-N interval refers to an R-R interval of
successive normal sinus rhythms. The SDNN may be calcu-
lated by the following Equation 1.

Equation 1

J— .,
SDNN_\/HJZ;(RRJ-—RR)

wherein, RR represents an R-R interval, and RR represents
a mean of R-R intervals.

The HRV-index may be a variable that quantifies features
of'a geometric shape of probability distribution. A decrease in
a value of the HRV-index means that the sympathetic nerves
are activated and electrical instability of the heart is substan-
tially high. A standard range of the HRV-index is about 14 to
33%.

The frequency domain analysis method may be amethod in
which time series data may be considered as a set of multiple
sine waves, a waveform formed of a sum of multiple sine
waves may be decomposed as a frequency component of each
sine wave and an amplitude of each component is represented
as a spectrum. The stress index calculating unit 131 may be
configured to extract a low frequency (LF) and a high fre-
quency (HF) according to the frequency domain analysis
method and calculate LF/HF. The LF represents a state in
which both the sympathetic nerves and the parasympathetic
nerves are activated at a heart rate of about 0.05 to 0.15 Hz.
The HF represents a state in which the parasympathetic
nerves are activated at a heart rate of about 0.15 Hz or greater.
As the LF/HF increases, it represents a state in which the
sympathetic nerves are significantly activated. Therefore, the
LF/HF may be used to calculate the stress index.

As described above, the stress index calculating unit 131
may be configured to analyze the detected RRI according to
the time domain analysis method and the frequency domain
analysis method, obtain the SDNN, the HRV-index, and the
LF/HF, designate a standard group, and calculate a mean (m,)
and a standard deviation (sd;) of each analysis indicator (P,)
included in the designated standard group as exemplified in
FIG. 8. Additionally, the stress index calculating unit 131 may
be configured to designate any value of the mean (M) and any
value of the standard deviation (SD), apply the values to the
following Equation 2, and calculate the standard indicator
(T,) of each analysis indicator.

Pi—mi

sdi

i Equation 2
Ti=M+SD

Further, each standard indicator (T,) may be applied to the
following Equation 3, and the stress index (SI) may be cal-
culated.

(2 M- Tspny + Tury-index . Tornr + THR) Equation 3
Si = 2 2
2
. Tspnn + TRy —index
wherein, ——mM8————

2
represents chronic stress, and

Trrmr + Thr
2
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represents acute stress. Accordingly, the stress index calcu-
lating unit 131 may be configured to reflect the different
stresses and calculate a comprehensive stress index.

Moreover, since external factors causing stress of the driver
or a psychological state of the driver may change from
moment to moment (e.g., at any moment), the stress index
calculating unit 131 may be configured to repeatedly calcu-
late the stress index according to a predetermined cycle.

FIG. 9 is an exemplary table in which a stress index is
divided into stages based on its value and a human body state
indicated by each stage is represented. As illustrated in FIG.
9, when the calculated stress index is about 25 or less (stage
1), it represents a very good state of little or no stress. When
the calculated stress index is about 35 to 45 (stage 2), it
represents a standard or better state. When the calculated
stress index is about 45 to 55 (stage 3), it represents a standard
state. When the calculated stress index is about 55 to 65 (stage
4), it represents a standard or worse state. When the calculated
stress index is about 65 or greater (stage 5), it represents a
pour state with a substantially high amount of stress. In other
words, the different stress indexes represents different levels
or stages of stress that increase as the index increases. The
various stress stages may be predetermined levels of stress
that increase as the calculated stress index increases. The
stress index calculating unit 131 may be configured to deter-
mine a current stress stage of the driver according to the
relation between the stress index value and the stress stage
shown in FIG. 9.

The method of calculating the stress index described above
is merely an example that may be applied to the exemplary
embodiment of the present invention. The method of calcu-
lating the stress index in the stress index calculating unit 131
is not limited to the above method. The stress index calculat-
ing unit 131 may be configured to calculate the driver’s stress
index by applying various methods in addition to the above
method. In addition, the stress stage that corresponds to the
value of the stress index shown in FIG. 9 may be changed
according to the method of calculating the stress index.

Information regarding the calculated stress index of the
driver may be visually provided to the driver such that the
driver recognizes a current state in advance. Hereinafter,
description will be provided with reference to FIGS. 10 to 13.
FIG. 10 is an exemplary diagram illustrating an internal con-
figuration of a front seat side of the vehicle. FIGS. 11to 13 are
exemplary diagrams illustrating examples of visually output-
ting information on the driver’s stress index.

As illustrated in FIG. 10, an audio video navigation (AVN)
display 1424 may be disposed in a center fascia 11 located in
a substantially center area of a dashboard 10. The AVN is a
device configured to integrally perform audio, video, and
navigation functions. The AVN display 1424 may be config-
ured to selectively display at least one of an audio screen, a
video screen, and a navigation screen, and may be imple-
mented by a liquid crystal display (LCD), a light emitting
diode (LED), a plasma display panel (PDP), an organic light
emitting diode (OLED), a cathode ray tube (CRT), and the
like.

The sound output unit 141 configured to output a sound
may be disposed within the vehicle 100. Sounds necessary for
performing the audio function, the video function, and the
navigation function may be output via the sound output unit
141. The steering wheel 143 may be disposed out of the
dashboard 10 of a driver’s seat 21 side. A speed gauge 1124
that indicates a current speed of the vehicle 100 and an RPM
gauge 112¢ that indicates RPM of the vehicle 100 may be
disposed in an area adjacent the steering wheel 143 area.
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Additionally, a cluster display 1426 configured to display
information regarding the vehicle 100 as a digital screen may
be further provided.

Although not illustrated, a head up display (HUD) config-
ured to display visual information provided to the driver on
the front glass 30 may be disposed in the dashboard 10. An
image output from the HUD may be displayed via a display
area 42¢ of the front glass 30 as illustrated in FIG. 10. The
display unit 142 described in FIG. 2 may include the AVN
display 142a, the cluster display 1425, and the HUD (not
illustrated). The information regarding the driver’s stress
index may be displayed on at least one of the AVN display
142a, the cluster display 1425, and the HUD.

Referring to the example of FIG. 11, when the calculated
stress index corresponds to stage 5 out of stress stages, a
message that indicates that a safe driving mode will be sup-
ported may be displayed on the AVN display 142a since the
current stress index corresponds to the stress stage 5. In par-
ticular, as will be described below, the safe driving mode may
be amode in which, when the current stress stage of the driver
is a predetermined stage or greater, a reference value applied
to a lane access distance may be set to be increased, and a
warning may be output to the driver earlier than usual (e.g.,
prior to a predetermined occurrence or event).

Alternatively, the message having the above content may
be displayed on the cluster display 14256 as exemplified in
FIG. 12, or the message having the above content may be
displayed on the display area 42¢ of the front glass 30 using
the HUD as exemplified in FIG. 13. The stress index calcu-
lating unit 131 may be configured to transmit the calculated
stress index of the driver to the warning controller 132. The
warning controller 132 may be configured to execute a warn-
ing output to the driver based on the driver’s stress index and
the lane access degree of the vehicle 100.

FIG. 14 is an exemplary diagram illustrating a lane access
degree of the vehicle. When the lane detecting unit 120 trans-
mits an output signal to the warning controller 132, the warn-
ing controller 132 may be configured to recognize the lane
based on the output signal of the lane detecting unit 120, and
determine the lane access degree of the vehicle 100. As exem-
plified in FIG. 14, when a steering angle of the vehicle run-
ning along a substantially straight road is shifted, the vehicle
may deviate to one of both side lanes, and when such a state
continues, the vehicle may be in danger of lane departure.
Therefore, when the vehicle 100 approaches the lane more
than a predetermined reference value, the warning controller
132 may be configured to determine this state as a danger state
of'lane departure, output a warning to the user via the sound
output unit 141, the display unit 142, or the steering wheel
143. Accordingly, the user may manipulate the steering wheel
143 and return the vehicle 100 to a normal position again
(e.g., return to the original driving lane).

Although FIG. 14 exemplifies a substantially straight road,
the exemplary embodiment of the present invention may also
beapplied to a curve road. The warning controller 132 may be
configured to determine the lane access degree according to
control logic of a lane keeping assist system (LKAS) oralane
departure warning system (LDWS). In particular, the warning
controller 132 may be configured to recognize the lane within
which the vehicle 100 is running based on the output signal of
the lane detecting unit 120 and calculate a distance between
the lane and the vehicle 100. A reference used to calculate the
distance between the lane and the vehicle 100 may be the
front wheel 51 or a center of the vehicle 100.

In addition, in response to determining that the vehicle 100
approaches the lane more than the predetermined reference
value, the warning may be output to the user. The predeter-
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mined reference value may be changed according to a method
of representing the lane access degree. For example, since the
lane access degree may be represented by the distance
between the vehicle 100 and the lane, it may be represented by
the distance itself or a percentage of a distance between a lane
and the vehicle 100 at a current position with respect to a
distance between a lane and the vehicle 100 at a normal
position (e.g., the vehicle is not departing from the lane). In
the latter case, 100% indicates that the vehicle 100 is running
at a normal position and 0% indicates that the vehicle 100
departs from the lane.

The LKAS or the LDWS may be configured to output the
warning to the user when the vehicle 100 becomes closer to
the lane more than the reference value (e.g., the controller
determines that the vehicle is outside of the traveling lane by
a particular degree). However, since the ability to control the
vehicle decreases when the driver is under stress, the warning
controller 132 may be configured to apply the reference value
of'the lane access degree differently according to the driver’s
stress index. Therefore, it may be possible to complement the
driver’s degraded ability to control the vehicle due to the
stress.

When the lane access distance of the vehicle is the prede-
termined reference value or less, the warning controller 132
may be configured to output the warning to the user, and the
warning output may be performed in phases. For this purpose,
one or more predetermined reference values may be used.
Additionally, the warning controller 132 may be configured
to apply different reference values according to the driver’s
current stress index. In other words, since the reference value
that is compared with the lane access distance may differ
according to the driver’s stress index, the warning controller
132 may be configured to compare the reference value corre-
sponding to the driver’s current stress index with the lane
access distance.

FIG. 15 is an exemplary diagram illustrating exemplary
warning output control logic according to stress stages and a
lane access distance. As exemplified in FIG. 15, the warning
output to the user may be performed in two stages. Reference
values compared with the distance (hereinafter referred to as
alane distance) between the vehicle 100 and the lane to output
the warning of each stage are called a first reference value and
a second reference value. As exemplified in FIG. 15, when a
current stress stage of the driver is stage 1-3, that is, when the
driver is in a state of a standard or better, the first reference
value may be set to about 0% and the second reference value
may be set to about 10%.

The warning controller 132 may be configured to compare
the lane distance with the second reference value, and output
a warning sound via the sound output unit 141 when the lane
distance is about 10%. Types of the warning sound to be
output are not limited and any warning sound may be output
from the sound output unit 141, as long as it can attract the
driver’s attention and notify the driver that the vehicle 100 is
currently in danger of lane departure. Additionally, the warn-
ing controller 132 may be configured to compare the lane
distance with the first reference value. When the warning
sound is output but the driver does not control steering and the
lane distance becomes about 0%, the warning controller 132
may be configured to output steering handle vibration along
with the warning sound. In particular, the steering handle
vibration means that the steering wheel 143 vibrates.

As the stress stage increases, the driver’s ability to control
the vehicle may decrease. When the current stress stage of the
driver is stage 4, that is, when the driver is under stress, the
second reference value may be set to about (10+a) % and the
first reference value may be set to about (0+b) %. Here, a and
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b are any positive numbers, and may be set to appropriate
values according to experiments, statistics or theories. The
warning controller 132 may be configured to compare the
lane distance with the second reference value, and output the
warning sound via the sound output unit 141 when the lane
distance becomes about (10+a) %. Further, the warning con-
troller 132 may be configured to compare the lane distance
with the first reference value, and may be configured to output
the steering handle vibration along with the warning sound
when the lane distance becomes about (0+b) %.

When the current stress stage of the driver is stage 5, that is,
when the driver is under severe stress, the second reference
value may be set to about (10+A) % and the first reference
value may be set to about (0+B) %. Here, A is any positive
number greater than a and B is any positive number greater
than b, which may be set to appropriate values according to
experiments, statistics, or theories.

As exemplified in FIG. 15, when the driver is under stress,
the warning may be output earlier than usual (e.g., before a
particular event or when the stress is determined to prevent
lane departure and improve safe driving). Therefore, it may be
possible to complement the driver’s degraded control ability.
However, the warning controller 132 may not necessarily
output the warning according to the example in FIG. 15. The
stress stages may be further subdivided, three or more refer-
ence values corresponding to each stress stage may be set, and
the warning may be output to the driver according to three or
more stages. In addition, the warning may not necessarily be
output in an auditory or tactile manner, and the warning may
be visually output via the display unit 142.

FIG. 16 is an exemplary block diagram of a vehicle control
by which steering may be automatically controlled in the
vehicle according to the exemplary embodiment of the
present invention. In particular, a warning output unit 140
may include the sound output unit 141, the display unit 142,
and the steering wheel 143 which may be configured to output
the warning to the driver in an auditory, visual, and tactile
manner.

The vehicle 100 may be configured to output the warning to
the driver and automatically adjust the steering. For this pur-
pose, the steering wheel 143 may be implemented by motor
driven power steering (MDPS), and the vehicle 100 may
further include an MDPS driving unit 150 configured to sup-
ply power to the steering wheel 143. The MDPS driving unit
150 may include an actuator such as a motor. The controller
130 may further include a steering controller 133. The steer-
ing controller 133 may be configured to calculate a target
torque value necessary for preventing the vehicle 100 from
departing from the lane, and transmit a control signal for
generating the calculated target torque value to the MDPS
driving unit 150.

Meanwhile, although not illustrated, the vehicle 100 may
include a plurality of sensors configured to detect a current
state of the vehicle 100, such as a torque sensor configured to
detect torque of the steering wheel 143, a vehicle speed sensor
configured to detect a speed of the vehicle 100, a yaw rate
sensor, and a steering angle sensor configured to detect a
steering angle of the steering wheel 143. When the target
torque value for preventing lane departure is calculated, the
steering controller 133 may be configured to reflect the cur-
rent state of the vehicle 100 such as the torque, the vehicle
speed, the yaw rate, and the steering angle detected using the
sensors.

Referring again to the example in FIG. 15, when the lane
distance becomes the second reference value and the warning
sound is output, but the driver does not control steering and
thereby the lane distance becomes the first reference value,
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the steering controller 133 may be configured to calculate the
target torque value necessary for preventing lane departure
and transmit the control signal for generating the calculated
target torque value to the MDPS driving unit 150 so that
steering of the vehicle 100 may be automatically controlled.
At this time, the warning controller 132 may also be config-
ured to output the warning to the driver.

Hereinafter, a method of controlling a vehicle according to
an exemplary embodiment of the present invention will be
described. When the method of controlling a vehicle accord-
ing to the exemplary embodiment is implemented, the vehicle
100 according to the exemplary embodiment described above
may be applied. Descriptions of FIGS. 1 to 16 may also be
applied to the method of controlling a vehicle according to the
exemplary embodiment.

FIG. 17 is an exemplary flowchart describing a method of
controlling a vehicle according to an exemplary embodiment
of'the present invention. As illustrated in FIG. 17, abiological
signal of the driver may be detected using the biological
signal detecting unit 110 (311), and a lane within which the
vehicle is running may be detected using the lane detecting
unit 120 (312). The detected biological signal of the driver
may be used to calculate the driver’s stress index and may
include the ECG signal. The order of detecting the biological
signal and detecting the lane is not determined. The biological
signal and the lane may be simultaneously detected or either
one may be detected first.

The driver’s stress index may be calculated based on the
detected biological signal of the driver (313). Since descrip-
tion of calculating the stress index is the same as those in
FIGS. 5109, description thereof will not berepeated. The lane
access degree of the vehicle may be determined based on the
detected lane (314). Since the lane access degree may be
represented by the distance between the vehicle 100 and the
lane. It may be represented by the distance itself, or a per-
centage of a distance between a lane and the vehicle 100 at a
current position with respect to a distance between a lane and
the vehicle 100 at a normal position.

Further, the warning may be output to the driver based on
the calculated stress index and the determined lane access
degree of the vehicle (315). To output the warning, any of a
method of audibly outputting the warning via the sound out-
put unit 141, a method of tactilely outputting the warning by
vibrating the steering wheel 143, and a method of visually
outputting the warning via the display unit 142 may be
applied.

FIG. 18 is an exemplary flowchart describing a process of
controlling a warning output in the method of controlling a
vehicle according to the exemplary embodiment of the
present invention. As illustrated in FIG. 18, a biological signal
of the driver may be detected (321), and a lane within which
the vehicle is running may be detected (322). Then, the driv-
er’s stress index may be calculated based on the detected
biological signal of the driver (323). Description of detecting
the biological signal and the lane and calculating the stress
index are the same as that of FIG. 17.

A distance between the vehicle and the lane may be calcu-
lated by the controller based on the detected lane (324).
Specifically, based on the output signal of the lane detecting
unit 120, the lane within which the vehicle 100 is running may
be recognized and the distance between the lane and the
vehicle 100 may be calculated. A reference used to calculate
the distance between the lane and the vehicle 100 may be the
front wheel 51 or a center of the vehicle 100.

The reference value that corresponds to the calculated
stress index may be compared with the distance between the
vehicle and the lane (325). When the calculated stress index is
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greater than a predetermined index, a greater reference value
may be applied to warn the driver in advance. In other words,
as the calculated stress index increases, the reference value
that corresponds thereto also increases. Meanwhile, as
described in FIG. 9, the stress index may be subdivided into a
plurality of stress stages according to the value of the stress
index. For each stress stage, the reference value that corre-
sponds thereto may be set. The stress index belonging to the
same stress stage may have the same reference value corre-
sponding thereto. Then, when the distance between the
vehicle and the lane is the reference value or less (Yes in 326),
the warning may be output to the driver (327).

Meanwhile, the warning may be output in phases accord-
ing to the distance between the vehicle and the lane, that is, the
lane distance. In other words, the shorter the lane distance, the
stronger the warning may be output. For this purpose, two or
more reference values compared with the lane distance may
be used. When there are two or more reference values, the
second reference value may be compared with the lane dis-
tance first, as exemplified in FIG. 15. When the lane distance
is equal to or less than the second reference value, the warning
sound may be output. The lane distance may be compared
with the first reference value that is less than the second
reference value. When the lane distance is equal to or less than
the first reference value, steering handle vibrating may be
output along with the warning sound. In particular, a method
of outputting the warning is not limited to the exemplary
embodiment, as long as the stronger warning is output when
the lane distance is equal to or less than the first reference
value than when the lane distance is equal to or less than the
second reference value.

FIG. 19 is an exemplary flowchart describing a method of
automatically controlling vehicle steering in the method of
controlling a vehicle according to the exemplary embodiment
of'the present invention. As illustrated in FIG. 19, a biological
signal of the driver may be detected (351), and a lane within
which the vehicle is running may be detected (352).

The driver’s stress index may be calculated based on the
detected biological signal of the driver (353), and the distance
between the vehicle and the lane may be calculated based on
the detected lane (354). The second reference value that cor-
responds to the calculated stress index may be compared with
the distance between the vehicle and the lane (355). When the
distance between the vehicle and the lane is equal to or less
than the second reference value (Yes in 356), the warning may
be output to the driver (357). Description of the warning
output is the same as that of FIG. 17. Then, the first reference
value that corresponds to the calculated stress index may be
compared with the distance between the vehicle and the lane
(358). The first reference value may have a value less than the
second reference value.

When the distance between the vehicle and the lane is equal
to or less than the first reference value (Yes in 358), steering
of the vehicle may be automatically controlled (359). Steer-
ing control may be performed through the MDPS. The steer-
ing controller 133 may be configured to calculate the target
torque value for preventing lane departure and transmit the
control signal for generating the calculated target torque
value to the MDPS driving unit 150 to automatically control
steering of the vehicle 100. Although the warning output and
the steering control may be performed in two phases in the
above description, the phases may be further subdivided, and
the exemplary embodiment of the present invention is not
limited thereto.

According to the exemplary embodiments of the vehicle
and the method of controlling the same described above, the
driver’s stress index may be reflected when the warning is
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output or the steering may be adjusted such that the vehicle
continues to run in the same lane. As a result, safe driving may
be more effectively guaranteed. In the vehicle and the method
of controlling the same according to the exemplary embodi-
ments of the present invention, the lane departure warning or
the lane keeping assistance may be performed by reflecting
the driver’s stress index so that it may be possible to more
effectively guarantee safe driving.

Although a few exemplary embodiments of the present
invention have been shown and described, it would be appre-
ciated by those skilled in the art that changes may be made in
these exemplary embodiments without departing from the
principles and spirit of the invention, the scope of which is
defined in the claims and their equivalents.

What is claimed is:

1. A vehicle, comprising:

a biological signal detecting unit configured to detect a

biological signal of a driver;

a lane detecting unit configured to detect a lane within

which a vehicle is running; and

a controller configured to:

calculate a stress index of the driver based on the
detected biological signal of the driver;

determine a lane access degree of the vehicle including
information regarding a distance between the vehicle
and the lane based on the detected lane; and

execute a warning output to the driver based on the
calculated stress index and the determined lane access
degree of the vehicle,

wherein the controller is configured to:

compare the distance between the vehicle and the lane
with at least one reference value that increases as a
stress stage of the driver corresponding to the stress
index increases; and

execute the warning output to the driver when the dis-
tance between the vehicle and the lane is equal to or
less than the at least one reference value.

2. The vehicle according to claim 1, further comprising:

a sound output unit configured to output a sound; and

a steering wheel manipulated by the driver to control steer-

ing of the vehicle.

3. The vehicle according to claim 2, wherein the at least one
reference value includes a first reference value and a second
reference value that is greater than the first reference value;
and the controller is configured to operate the sound output
unit to output a warning sound when the distance between the
vehicle and the lane is equal to or less than the second refer-
ence value and is greater than the first reference value.

4. The vehicle according to claim 3, wherein the controller
is configured to operate the sound output unit to output a
warning sound and vibrate the steering wheel when the dis-
tance between the vehicle and the lane is equal to or less than
the first reference value.

5. The vehicle according to claim 1, wherein the biological
signal detecting unit includes an electrocardiogram (ECG)
sensor and the ECG sensor is installed within a steering wheel
of the vehicle.

6. The vehicle according to claim 1, wherein the lane
detecting unit includes at least one of an image sensor and an
infrared sensor.

7. The vehicle according to claim 1, wherein the controller
is configured to adjust steering of the vehicle based on the
calculated stress index and the determined lane access degree
of the vehicle.

8. The vehicle according to claim 7, wherein the controller
is configured to:
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output the warning to the driver or adjust steering of the
vehicle when the distance between the vehicle and the
lane is equal to or less than the at least one reference
value.
9. The vehicle according to claim 8, wherein the at least one
reference value includes a first reference value and a second
reference value that is greater than the first reference value;
and the controller is configured to adjust steering of the
vehicle when the distance between the vehicle and the lane is
equal to or less than the first reference value, and output the
warning to the driver when the distance between the vehicle
and the lane is equal to or greater than the first reference value
and equal to or less than the second reference value.
10. The vehicle according to claim 7, further comprising
a motor driven power steering (MDPS) motor configured
to supply power to a steering wheel of the vehicle,

wherein the controller is configured to transmit a control
signal to the MDPS motor and adjust steering of the
vehicle.

11. The vehicle according to claim 1, further comprising

a display unit configured to display information regarding

the calculated stress index.

12. A method of controlling a vehicle, comprising:

detecting, by a controller, a biological signal of a driver;

detecting, by the controller, a lane within which a vehicle is
running;
calculating, by the controller, a stress index of the driver
based on the detected biological signal of the driver;

determining, by the controller, a lane access degree of the
vehicle including information regarding a distance
between the vehicle and the lane based on the detected
lane;

comparing, by the controller, the distance between the

vehicle and the lane with at least one reference value that
increases as a stress stage of the driver corresponding to
the stress index increases; and

executing, by the controller, a warning output to the driver

when the distance between the vehicle and the lane is
equal to or less than the at least one reference value.

13. The method according to claim 12, wherein the bio-
logical signal of the driver includes an electrocardiogram
(ECG) signal, and the calculation of the stress index of the
driver includes:

obtaining, by the controller, heart rate variability based on

the ECG signal of the driver; and

calculating, by the controller, the stress index of the driver

based on the obtained heart rate variability.

14. The method according to claim 12, further comprising:

adjusting, by the controller, steering ofthe vehicle based on

the calculated stress index and the determined lane
access degree of the vehicle.

15. The method according to claim 14, wherein the execu-
tion of the warning output to the driver includes:

comparing, by the controller, the distance between the

vehicle and the lane with a second reference value that
corresponds to the calculated stress index; and
executing, by the controller, the warning is output to the
driver when the distance between the vehicle and the
lane is equal to or less than the second reference value.

16. The method according to claim 15, wherein the adjust-
ment of the steering of the vehicle includes:

comparing, by the controller, a distance between the

vehicle and the lane with a first reference value that
corresponds to the calculated stress index and is less than
the second reference value; and
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adjusting, by the controller, steering of the vehicle when
the distance between the vehicle and the lane is equal to
or less than the first reference value.

17. A non-transitory computer readable medium contain-
ing program instructions executed by a controller, the com- 5
puter readable medium comprising:

program instructions that detect a biological signal of a

driver;
program instructions that detect a lane within which a
vehicle is running; 10

program instructions that calculate a stress index of the
driver based on the detected biological signal of the
driver;

program instructions that determine a lane access degree of

the vehicle including information regarding a distance 15
between the vehicle and the lane based on the detected
lane;

program instructions that compare the distance between

the vehicle and the lane with at least one reference value
that increases as the stress stage of the driver corre- 20
sponding to the stress index increases; and

program instructions that execute a waning output to the

driver when the distance between the vehicle and the
lane is equal to or less than the at least one reference
value. 25



